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Abstract: The emergence and spread of antibiotic resistance has posed a major 23 
threat to both human health and environmental ecosystem. Although the disinfection 24 
has been proved to be efficient to control the occurrence of pathogens, little effort is 25 
dedicated to revealing potential impacts of disinfection on transmission of antibiotic 26 
resistance genes (ARGs), particularly for free-living ARGs in final disinfected 27 
effluent of urban wastewater treatment plants (UWWTP). Here, we investigated the 28 
effects of chlorine disinfection on the occurrence and concentration of both 29 
extracellular ARGs (eARGs) and intracellular ARGs (iARGs) in a full-scale UWWTP 30 
over a year. We reported that the concentrations of both eARGs and iARGs would be 31 
increased by the disinfection with chlorine dioxide (ClO2). Specifically, chlorination 32 
preferentially increased the abundances of eARGs against macrolide (ermB), 33 
tetracycline (tetA, tetB and tetC), sulfonamide (sul1, sul2 and sul3), β-lactam (ampC), 34 
aminoglycosides (aph(2’)-Id), rifampicin (katG) and vancomycin (vanA) up to 3.8 folds. 35 
Similarly, the abundances of iARGs were also increased up to 7.8 folds after 36 
chlorination. In terms of correlation analyses, the abundance of Escherichia coli 37 
before chlorination showed a strong positive correlation with the total eARG 38 
concentration, while lower temperature and higher ammonium concentration were 39 
assumed to be associated with the concentration of iARGs. This study suggests the 40 
chlorine disinfection could increase the abundances of both iARGs and eARGs, 41 
thereby posing risk of the dissemination of antibiotic resistance in environments. 42 
Keywords: antibiotic resistant bacteria (ARB); antibiotic resistance genes (ARGs); 43 
extracellular ARGs (eARGs); intracellular ARGs (iARGs); chlorination; disinfection 44 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
3 
 
1. Introduction 45 
Antibiotic resistance has posed huge threats to public health globally. Each year, more 46 
than 700,000 people die from antimicrobial resistant infections worldwide, however 47 
the predicted casualty number could reach 10 million by 2050 if no action is taken 48 
now (O'Neill 2015). Although the dissemination of antibiotic resistance in clinic 49 
settings has attracted substantial concerns, the emergence and spread of antibiotic 50 
resistance bacteria (ARB) or antibiotic resistance genes (ARGs) in environmental 51 
settings has been overlooked so far.  52 
    Urban wastewater treatment plants (UWWTPs) are at the interface between 53 
human population and the aquatic/soil environments, may provide an ideal setting for 54 
the acquisition and dissemination of antibiotic resistance, because a diverse mixture of 55 
antibiotics and other pollutants, their metabolites and resistant bacteria, reaches 56 
UWWTPs through wastewater discharges from hospitals, households, industries and 57 
animal farms (Guo et al., 2017). The prevalence of ARB and ARGs in UWWTPs has 58 
attracted more and more attention recently (Chen and Zhang 2013, Naquin et al., 2015, 59 
Wang et al., 2015, Wen et al., 2016). In particular, biological reactors in activated 60 
sludge systems are thought as one of critical compartments in harboring both ARB 61 
and ARGs (Rizzo et al., 2013, Yang et al., 2012), through selection under exposure of 62 
antibiotic or resistance transfer among bacteria via horizontal gene transfer (HGT) 63 
(Jutkina et al., 2016, Kim et al., 2014). More importantly, it has been reported that 64 
UWWTPs exhibit limited capacity to remove or control ARGs and ARB (Munir et al., 65 
2011, Pruden et al., 2006, Wang et al., 2015). Worryingly, not only does the effluent 66 
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represent an important reservoir containing various ARGs, but also the abundances of 67 
some typical ARGs are even higher in effluent than that in influent via the treatment 68 
processes, e.g. blaCTX-M, blaTEM and qnrS (Rodriguez-Mozaz et al., 2015, Shi et al., 69 
2013). Therefore, UWWTPs have been identified to play a vital role in the 70 
transmission of ARB and ARGs in the environment, thus posing risks to public health. 71 
In order to control the spread of pathogens, various disinfection processes have 72 
been widely used in UWWTPs. Previous studies have investigated the inactivation of 73 
ARGs by disinfection methods, e.g. chlorination, ultraviolet (UV) irradiation (Lin et 74 
al., 2016a, McKinney and Pruden 2012, Yoon et al., 2017, Zhang et al., 2015). 75 
However, a few recent studies reported that chlorination, as a widely-used disinfection 76 
process, may co-select antibiotic resistance. For example, Shi et al. (2013) 77 
documented that the chlorination process enriched the abundances of ampC and tetA 78 
according to metagenomic sequencing. Xu et al. (2016) also reported that chlorination 79 
enhanced the relative abundance of ARGs from 6.4- to 109.2-fold in tap water 80 
compared to the final water. In contrast, Lin et al. (2016b) suggested ARGs were more 81 
likely removed rather than co-selected by chlorine, where they monitored 225 ARGs, 82 
but only six were enriched after chlorination. Although contradictory conclusions 83 
were obtained about the impact of chlorination on ARGs, few studies have been 84 
dedicated to distinguishing between intracellular ARGs (iARGs) and extracellular 85 
ARG (eARGs). In fact, disinfection processes (e.g. chlorination), they could kill ARB, 86 
but simultaneously DNA will be released into the water, where eARGs could be still 87 
present in the free-living DNA. The occurrence of iARGs may promote ARB 88 
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dissemination via conjugation and transduction, while eARGs, persistence in the 89 
aquatic environment for quite a time, can be taken up by the competent non-resistant 90 
bacteria in the biofilm and sedimentation, thereby resulting in the dissemination of 91 
antibiotic resistance via transformation (Li et al., 2001, Molin and Tolker-Nielsen 92 
2003, Wang et al., 2016). Thus, eARGs in the effluent from UWWPTs are also 93 
potential to promote ARGs and ARB transmission in environmental settings. However, 94 
the impact of chlorination on eARGs remains unclear due to the lack of an efficient 95 
method to extract extracellular DNA (eDNA), which is too low to harvest in treated 96 
water. Very recently, we developed a method to harvest eDNA by using a new type of 97 
nucleic acid adsorption particle (NAAP) with high capacity, which can achieve an 98 
eARG recovery rate of above 95% from 10 L of water samples (Wang et al., 2016). 99 
This developed method could enable us to study the impact of disinfection on eARGs. 100 
Therefore, the objective of this study is to clarify the potential effect of 101 
chlorination on both iARGs and eARGs. We continuously collected samples from a 102 
full-scale UWWTP with the chlorination as the tertiary treatment process. The eDNA 103 
were collected from water samples before and after chlorination in a full-scale 104 
UWWTP using the adsorption-elution technique. Quantitative real-time polymerase 105 
chain reaction (qPCR) was used to determine the abundances of both iARGs and 106 
eARG with targeting ten types of the most frequently detected ARGs. To the best 107 
knowledge, it is the first time to explore the impact of disinfection on eARGs 108 
pollution in real wastewater from a full-scale UWWTP. 109 
 110 
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2. Materials and Methods 111 
2.1 Sampling UWWTP and sample collection.  112 
The full-scale UWWTP is located in Tianjin, China, which treats domestic sewage 113 
approximately 200,000 m3 per day. The contact time for chlorination of second 114 
effluent is 30 min under the action of 8-9 mg/L chlorine oxidize (ClO2). Monthly 115 
triplicate water samples of second effluent (before chlorination) and final effluent 116 
(after chlorination) were collected between January 2016 to December 2016 from the 117 
inlet and outlet of last treatment unit of UWWTP, where ClO2 was applied (Figure S1). 118 
All samples were stored on ice, transported to the laboratory, and maintained at 4 °C 119 
until they were processed for analyses within 24 h of sample collection. The indices 120 
of water quality, including turbidity, conductivity, ammonium (NH4+-N), total 121 
nitrogen (TN), total phosphorus (TP), heterotrophic plates counts (HPC), total 122 
coliform (TC), and fecal coliform (FC) were measured according to the methods 123 
described in the supporting Text 1 (APHA 1998) and the results are summarized in the 124 
Table S1. 125 
2.2 Microorganism harvest and intracellular DNA (iDNA) extraction 126 
Water samples (10 L) were vacuum-filtered to concentrate the microbial biomass with 127 
polytetra fluoroethylene membranes (0.45 µm, Millipore, USA) (Chen et al., 2012). 128 
Then, the membranes with captured bacteria were immersed in 3% beef extract 129 
solution (BD Biosciences, Franklin Lakes, NJ, USA) in a magnetic stirring apparatus 130 
and incubated for 30 min. The eluted bacteria were recovered by centrifugation at 131 
8000 rpm for 10 min at 4 °C. The pellet cells were washed three times with 132 
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phosphate-buffered saline (PBS) to eliminate chemical impurities. Finally, the cells 133 
were resuspended in PBS and iDNA was extracted using Bacterial DNA Kit (Omega, 134 
USA) according to the manufacture instruction. All iDNA samples were stored at −135 
80 °C until the iARG analysis. 136 
2.3 eDNA collection 137 
The NAAPs were prepared and eDNA were collected according to our previously 138 
developed method with minor modifications (Wang et al., 2016). Briefly, the 139 
autoclaved Al(OH)3 solution (47.8%, V/V) was mixed well with 5-6% (g/mL) silica 140 
gel with a 60-100 mesh size (Kunhai Co., Shanghai, China) and dried at 60 °C for 36 141 
h. The final drying silica gels coated with Al(OH)3 were then sealed in a cylindrical 142 
glass container (1.5 × 40 cm) as NAAP column. Water sample of 30 L contained with 143 
20 GC/mL indicative pUC19 (a plasmid containing beta-tubulin) was passed through 144 
the column at a constant speed (50 m L/min) using a peristaltic pump. The NAAP 145 
column was washed with 100 mL of eluent (15 g/L NaCl, 30 g/L tryptone, 15 g/L beef 146 
extract, 3.75 g/L Gly, 0.28 g/L Na(OH), pH of 9.3 ± 0.2) after the water sample was 147 
passed through it. All the eluates were collected and filtered with a polyethersulfone 148 
filter (0.45 µm, Millipore, USA). The eDNA in the filtrate were then precipitated 149 
using an equal volume of isopropanol, incubated at room temperature for 16 h and 150 
centrifuged (10,000 × g for 10 min at room temperature) to recover the pellet. The 151 
pellets were mixed with 70% ethanol by pipetting and centrifuged (10,000 × g) for 5 152 
min at room temperature (20 °C). The precipitate was left to drain upside down for a 153 
few minutes and re-suspended in 1 m L of sterilized TE buffer to achieve the final 154 
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concentrate. Each eDNA concentrate was stored at −80 °C until the eARG analysis. 155 
2.4 ARGs analysis with real-time qualitative PCR (qPCR) 156 
Real-time qPCR reactions were conducted to test the concentration of both iARGs 157 
and eARGs in collected samples by using an ABI sequence detection system 7300 158 
(Applied Biosystems, USA) with a final volume of 20 µL, containing 10 µL 2× power 159 
SYBR® Green PCR Master Mix (Roche, Switzerland), 0.4 µL of each primer (20 160 
µM), and 2 µL template DNA. The thermo-cycling steps for qPCR amplification were 161 
described as follows: 2 min at 50 °C and then 95°C for 10 min, followed by 40 cycles 162 
of 15 s at 95 °C, 60 s at 60°C (fluorescence acquisition step). Following each run, a 163 
melting curve was generated and analyzed to verify that nonspecific amplification did 164 
not occur. All qPCR analyses were performed in triplicates with positive controls for 165 
each target and negative controls using ultrapure water to ensure cycling efficiencies. 166 
Twenty two primers of ARGs have been using in this study, as listed in Table S2 167 
(Aminov et al., 2002, Gaze et al., 2011, Luo et al., 2010, Wu et al., 2015, Zhu et al., 168 
2013).  169 
2.5 Calculation of the eARG concentration 170 
The eARG recovery efficiency was calculated according to the indicative plasmid 171 
using the equation (1). Then, eARG concentration in water was calculated by the 172 
equation (2).
  
173 
             
%100(%) efficiencyrecovery eARG ×
−
−
=
CA
CB
           (1) 174 
         eARG concentration (GC/L) =	 
×		

(%)
        (2) 175 
where A is the gene copy number of the indicative pUC19 (beta-tubulin) added in 176 
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the water sample before concentration; B is the gene copy number of pUC19 in the 177 
concentrate; C is the background gene copy number of pUC19 in the un-spiked water 178 
sample (control); D is the gene copy number of eARGs in the concentrate; 30 is the 179 
volume of the water samples.  180 
2.6 Statistical analysis 181 
Statistical analyses were performed using SPSS 19 (SPSS Inc., Chicago, Illinois). 182 
Paired t-test analysis was used to analyze the effect of chlorination on ARGs 183 
concentration. Analysis of variance on ARGs concentration was also performed using 184 
the Kruskale Wallis test. Clustering analysis was performed using R software 185 
(version3.2.3, R Development Core Team). Spearman analysis was performed to 186 
assess the correlation between the change of ARGs concentration after chlorination 187 
and water quality in the second effluent with confidence interval of 95%. P values less 188 
than 0.05 were considered to indicate significance. 189 
 190 
3. Results and discussion 191 
3.1 Detection of diverse eARGs and iARGs before and after chlorination 192 
The occurrences of 22 common ARGs, in the form of eDNA or iDNA, were 193 
monitored from monthly samples in the full-scale UWWTP. The detection frequencies 194 
of both eARGs and iARGs before and after chlorination have been illustrated in 195 
Figure 1. Regarding the iARGs, all of the 22 genes could be detected in all water 196 
samples in despite of before or after chlorination. More specifically, 17 of 22 genes 197 
(e.g. tetA, sul1 and ermB) were continuously detected in all the collected samples 198 
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from the second effluent and the final effluent with a detection frequency of 100%. 199 
Interestingly, several eARGs (e.g. gyrA, tetX and catA1) might be removed 200 
occasionally by the chlorination process, in terms of a decreased detection frequency 201 
in the final effluent compared to the second effluent. In contrast, eARGs including 202 
ermA(1) and vanA showed a higher detection frequency in the final effluent after 203 
chlorination compared to that in the second effluent. The results suggested that 204 
diverse ARGs could still be detected even with the chlorination treatment.  205 
3.2 Concentrations of eARGs before and after chlorination  206 
By monitoring the concentration of each eARG in both the second effluent and the 207 
final effluent, it could be found their concentrations fluctuated significantly during the 208 
sampling period (Figure S2A). After summing up all observed eARGs concentrations 209 
in a monthly sample, the average total concentration of observed eARGs was 210 
1.23×106 ~ 1.26×108 gene copies/L (GC/L) in the second effluent before chlorination, 211 
while it was 1.13×106 ~ 2.90 ×108 GC/L in the final effluent after chlorination (Figure 212 
2A). The maximal value for the total eARGs concentration during a year occurred in 213 
the samples on April in spite of the disinfection or not. Correspondingly, the lowest 214 
total eARGs concentration was observed in August for the second effluent, while the 215 
final effluent in November contained the lowest eARGs. In addition, we also 216 
compared the total concentration of a given eARG by summing up its concentration in 217 
all monthly samples, it was found that both extracellular tetM and sul1 were top two 218 
dominant eARGs, while extracellular ermA(1) concentration remained the lowest 219 
among all 22 tested ARGs, according to the median concentrations (n=33, Figure 2B). 220 
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Chlorination significantly affected individual eARG concentrations (p<0.05, n=3). 221 
Among all 22 tested eARGs (Figure S3), concentrations of tetA, tetB, sul3, ampC, 222 
aph(2’)-Id and vanA were increased significantly in all final effluent samples after 223 
chlorination (p<0.05, n=33), compared with their concentrations in the second 224 
effluent samples. In particular, the vanA concentration showed 621.2 folds higher than 225 
that in the untreated water sampled in November. Although the effects of chlorination 226 
on other eARGs concentrations are varied, the concentrations of tetC, ermB, katG, 227 
sul1 and sul2 increased after chlorination with frequency above 80%, with the 228 
maximal value of 371.3-fold for ermB (Tables S3 and S4). After further analyzing the 229 
ratio of eARG concentration in final effluent to those in the second effluent, the 230 
median concentrations of tetA, tetB, tetQ, sul2, sul3 and aph(2’)-Id increased 2.1-3.8 231 
folds, while only the medium concentrations of tetM, gyrA and dfrA1(1) decreased 232 
after chlorination (n=33, Figure S4A).  233 
The disruption of the cytoplasmic membrane and subsequent efflux of intracellular 234 
components results in the inactivation of the Gram-negative bacteria, thereby dead 235 
bacteria suffering from the action of enough ClO2 should release DNA and form the 236 
non-living eARGs in treated water (Ofori et al., 2017). The general understanding is 237 
that eARGs released from the dead ARB should be further broken down under the 238 
damage effect of strong oxidizing disinfectants. However, our results demonstrated 239 
that the ClO2 treatment promoted the eARGs pollution in the final effluent, in terms 240 
of a significant increasing of the eARGs against tetracycline, sulfonamide, β-lactam, 241 
aminoglycosides and vancomycin. The enhancement of eARGs concentration could 242 
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be associated with the selective inactivation of ARGs by disinfection. Due to different 243 
resistance to disinfectants (McKinney and Pruden 2012, Zhang et al., 2015), ARGs 244 
with higher antioxidant capacity may survive from the chlorination. Therefore, 245 
comparing with other ARGs, the concentrations of tetA, tetB, sul3, ampC, aph(2’)-Id 246 
and vanA were increased after chlorination, indicating these genes might be more 247 
tolerant to ClO2. 248 
3.3 Concentrations of iARGs before and after chlorination 249 
The changes of iARG concentrations before and after chlorination were also 250 
investigated by normalizing the abundance of each iARG to the total abundance of 251 
16S rRNA gene (n=3, Figure S2B). Similar to eARGs, they also fluctuated greatly 252 
during the sampling period. The average total concentration of observed iARGs 253 
generally fluctuated from 0.03 (February) to 0.29 (September) in the second effluent 254 
before chlorination, while it changed between 0.12 (June) to 3.20 (November) for the 255 
final effluent after chlorination (Figure 3A). In terms of the median concentration, 256 
intracellular sul1 and sul2 were listed at top two iARGs, while the abundance of van A 257 
was lowest in water samples in despite of chlorination (n=33, Figure 3B).  258 
  Compared to the second effluent, the concentrations of iARGs in the final effluent 259 
after disinfection were also distinctly increased in this full-scale UWWTP (Figures S5, 260 
Tables S4 and S5). In response to chlorination, the relative abundance of qnrA 261 
increased 1.5~25.5 folds in all monthly final effluent, and other iARGs except tetB, 262 
tetQ, sul1, vanA increased 1.0~173.3 folds with detection frequency above 80% 263 
(Paired-Samples T Test，p<0.05, n=3), indicating that chlorination could increase the 264 
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relative abundance of the most iARGs, qnrA prominently. The median ratio of each 265 
iARG concentration between after chlorination and before chlorination was in the 266 
range of 1.5 to 7.8 (n=33, Figure S4B), further suggesting that the chlorination played 267 
a positive role in increasing iARGs concentrations. Previous studies also showed the 268 
chlorination process increased the abundances of several typical iARGs, such as 269 
ampC, aphA2, blaTEM-1 and tetA in drinking water (Shi et al., 2013). It is suspected 270 
that chlorination could play a co-selection role in bacterial antibiotic resistance. 271 
Another reason may be associated with the possibility that inadequate chlorine dosage 272 
could promote conjugative transfer, in which more pilus acting as pathways for ARGs 273 
transfer were induced on the surface of conjugative cells (Guo et al., 2015). 274 
3.4 Environmental factors influencing ARGs concentration 275 
To explore which environmental factors are favorable to increase ARGs during the 276 
chlorination, the potential correlations between ARGs concentration and water quality 277 
parameters were studied by spearman analyses. Then, total concentrations of observed 278 
ARGs under different correlative conditions were analyzed to further observe the 279 
effect of environmental factors on the variation of ARG concentration. It showed 280 
Escherichia coli, as a faecal indicator in water (Jang et al., 2017), was the only index 281 
to present a strong positive correlation with the change of total concentration of 282 
observed eARGs (Table S6). After chlorination, the median concentration of total 283 
eARGs showed an ascending trend when the abundance of E. coli in the second 284 
effluent increased (Figure 3A). Considering there was no any correlation between 285 
eARGs and heterotrophic bacteria, it is assumed that human or animal-sourced fecal 286 
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bacteria were the key resources of eARGs after the chlorination. In the sediment, the 287 
E. coli abundance also has been found to be strongly correlated with ARGs abundance 288 
(Devarajan et al., 2016). In addition, the factors of conductivity, pH, heterotrophic 289 
plate counts (HPC), TN, ammonium and CODMn exhibited significant correlations 290 
with some typical eARGs (e.g. ampC, catA1, katG) during the process of disinfection 291 
(Table S6). In contrast, temperature, turbidity and total phosphorus, total coliform, 292 
fecal coliform in the second effluent had no correlations with concentration variations 293 
of any observed eARGs. The abundance of HPC in the second effluent had a strong 294 
correlation with the changes of extracellular qnrA and katG concentration after 295 
chlorination (p<0.01, n=3). Water temperature showed no correlations with 296 
concentration variations of total observed eARGs (p>0.05, n=3), but significant 297 
increased eARGs abundance occurred when the water temperature ranged between 298 
25°C and 27°C (p<0.01, n=3). 299 
  For iARGs, the results showed that the change of total concentration of observed 300 
iARGs was strongly correlated with water temperature negatively and NH4+-N 301 
concentration positively (p<0.05) during the chlorination (Table S7). Much more 302 
increase of median concentration of total iARGs was observed when water 303 
temperature in the second effluent was declined (Figure 3B), indicating low 304 
environmental temperature (10-20 °C) may be beneficial to elevate iARGs 305 
concentration under the exposure of chlorine. Furthermore, NH4+-N concentration in 306 
the range from 1.8 to 2.5 mg/L also exhibited a significant impact to the iARGs 307 
concentration, which caused the increasing of iARGs concentration (Figure 3C). 308 
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Similarly, Ali et al. (2016) found nutrient-induced antibiotic resistance in 309 
Enterococcus faecalis in eutrophic environments. Higher NH4+-N concentration was 310 
found to lead to lower removal of iARGs at the same chlorine dosage. Yuan et al. 311 
(2016) reported that the purification of wastewater quality parameters (COD, NH4+-N 312 
and turbidity) exhibited a positive correlation with ARB and ARGs reductions during 313 
the treatment in UWWTP. However, TN, TP and COD of influent, temperature and 314 
conductivity of mixed liquor were significant (p<0.05) correlated to multiple ARGs 315 
distribution in MBRs (Sun et al., 2016).  316 
4. Conclusions  317 
 Chlorination disinfection enhanced both eARGs and iARGs pollution in a 318 
full-scale UWWTP. 319 
 E. coli concentration before chlorination showed strong positive correlation with 320 
the eARGs abundance in the final effluents, while lower temperature and higher 321 
ammonium concentration was supposed to link with iARGs. 322 
 This study suggests the chlorine disinfection could enhance the abundance of 323 
ARGs, thereby posing risk of the dissemination of antibiotic resistance in 324 
environments. 325 
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Figure legends 440 
Figure 1. Detection frequencies of iARGs and eARGs in the second influent and the 441 
final effluent (n=33). 442 
Figure 2. Concentration variations of eARGs in the second effluent and the final 443 
effluent monthly measured from January 2016 to December 2016. (A) distribution of 444 
all observed eARGs (n=3):  gyrA;  catA1;  tetC;  blaTEM; 445 
 tetX;  sul3;  tetM;  tetA;  sul2;  sul1;  ermB; 446 
 tetQ;  tetB;  ermA(1);  dfrA(1);  katG;  vanA;  447 
ampC;  aph(2’)-Id;  qnrA;  rpoB1;  aadA; (B) box plot of all 448 
measured eARGs concentration in the second effluent ( ) and the final effluent 449 
( ) (n=33). 450 
Figure 3. Concentration variations of iARGs in the second effluent and the final 451 
effluent monthly measured from January 2016 to December 2016. (A) distribution of 452 
all observed eARGs (n=3):  gyrA;  catA1;  tetC;  blaTEM; 453 
 tetX;  sul3;  tetM;  tetA;  sul2;  sul1;  ermB; 454 
 tetQ;  tetB;  ermA(1);  dfrA(1);  katG;  vanA;  455 
ampC;  aph(2’)-Id;  qnrA;  rpoB1;  aadA; (B) box plot of all 456 
measured eARGs concentration in the second effluent ( ) and the final effluent 457 
( ) (n=33). 458 
Figure 4. Effects of environmental conditions on the total ARG concentration during 459 
the chlorination. (A) E. coli; (B) water temperature; (C) NH4+-N.  460 
 461 
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Highlights 
1. Impact of chlorination on eARGs pollution in UWWTPs were for the first time 
reported. 
2. Chlorination disinfection enhanced both eARGs and iARGs pollution. 
3. Extracellular tetM and sul1 were the most dominant eARGs in the final effluent. 
4. E. coli showed a positive correlation with the total eARG concentration after 
chlorination. 
